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NEW EYES FOR OLD
By ERIC C. COWAN, F.R.C.S.
Belfast Ophthalmic Hospital and Royal Victoria Hospital, Belfast
"To look into happiness through another man's eycs."-Shakespeare.
IN the last decade corneal grafting has come very much into its own and is now
a recognised ophthalmic surgical procedure, practised in every ophthalmic centre
throughout the world. Requirements for grafting are very precise and in each
region one centre specialises more and more in this operation, and round that
centre has been organised propaganda, facilities for collecting donor eyes, for
supplying information to donors, and keeping constantly available to other centres
a supply of donor material. We in Northcrn Ireland have not lagged behind in
this matter, and recently nmore and more donor eyes have become available
through intense propaganda, and through the public feeling of our medical
associates and the lay public.
Modern keratoplasty is not a new concept but arose from deep thinking in
the nineteenth century, and evolved with the development of modern surgical
principles, the conception of homoplasty, and came into its own with the sound
ideas of antisepsis, asepsis, and the provision of fine and wonderful instruments
which are now available. The antibiotic control of infection has opened the door
vide to allow us to practise thesc procedures, and with these things we can now
offer sight to those people previously who vere left alone to a life of blindness.
Many problems must be solved before the operation of corneal grafting becomes
a routine trouble-free procedure. Apart fronm the skill of the surgeon, many of
the problems with which we are concerned deal with the immunological re-
actions of any homograft, and the preservation of donor mnaterial, so making this
material available if and when it is required. These two points, the biological
reaction and the preservation of donor material, therefore receive special emphasis
from both the practising surgeon and the research worker, not only in the realm
of eyes, but in the realm of surgery in general where one tissue must be
transplanted from one person into another.
Corneal grafting must not be looked upon as an isolated manceuvre requiring
considerable surgical dexterity, but it must always be studied with the general
problems of grafting elsewhere in the human body. It is allied to grafting of
organs, skin, bone, and other tissues, but its requirements are more acute and
the procedure must be carried forward with the aim not only of providing an
organ with function but an organ of clarity. The ultimate judgment as to whether
a corneal graft has taken or not must be the picture of a disc sewn properly into
place, a clear window through which the patient can see, and with which the
patient can redevelop his interest in life. Grafting of the cornea is concerned
only with the replacement of an opaque tissue, and if it is to be a success the
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Cataract is not a contra-indication, as after the opaque cornea has been replaced
the cataract can be removed.
The renmoval of corneal nebulx has been attempted over the last two or three
cenituries, an early English reference to superficial keratectomy being made in
the middle of the eighteenth century. Towards the end of the eighteenth century
Darwin wrote: "After ulcers of the cornea which have been large, the in-
equalities and opacity of the cicatrix obscure the sight. In this case could not
a small piece of cornea be cut out by a kind of trephine about the size of a thick
bristle, or a small crow quill, and would it not heal with a transparent scar?"
In the nineteenth century treatment of corneal scars by the transplantation of
tissue had two phases. For most of the time heteroplasty was the more popular,
since the natural tendencyx with any new approach to surgery was first of all to
try animal experiments, and then later to apply them to human beings. It must
be remembered that at this time anaesthesia was a thing of the future, and to
attempt any surgical procedure on the eye was hazardous and well-nigh im-
possible, so leadinig to fruitless and frustrating results. The second half of the
century brought the influence of antisepsis, improvements of technique, and
ultimately the introduction of some degree of anxsthesia. As time went on the
introduction of ether and chloroform in the 1840s nmade speed less urgent, and
Lister, in the 1860s, evolved the concept of antisepsis. Cocaine as a local anxsthetic
was used in the 1880s, and towards the end of the nineteenth century was intro-
duced the idea of infiltration anxsthesia. In 1888 Von Hipple performed the
first successful corneal transplantation on a human being, and two years before
this he showed a Heidelberg Congress of Ophthalmology a girl whose vision
had been improved from counting fingers to 6/60 by a full-thickness rabbit graft,
which he had implanted as a lamella into her cornea. At the beginning of the
twentieth century the stage was set for our normal procedure. Anasthesia was
in general use, instruments were good, and there was some control of infection.
The twentieth century was the period of homoplasty, and surgeons now turned
their attention to the grafting of the human cornea into humans.
The cornea itself is a transparent tissue and resembles a small watch glass.
Its curvature is a little greater than the rest of the globe and a slight furrow
separates it from the sclera or white of the eye. In size it is eleven millimetres
in diameter and varies in thickness from one millimetre at the periphery to 0.7
millimetres in the centre. It is absolutely avascular, having no blood vessels
whatsoever. This is very important, and two main things should be emphasised.
One is the avascularity, and the other the relatively low cellular content of the
structure. These two points are thought to explain in part the reason why
homographs of the cornea can be a surgical proposition, and why antigenic
reactions are relatively rare.
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General Pinnciples of Grafting.
1. The human cornea only should be used for the graft, and the older the
cornea the better. There is less tissue reaction, the material is easier handled,
the curvature of the oldcr cornea is very different to that of the young,
and so a better optical result can be obtained.
2. Only fine, accurately made, sharp instruments with delicate silk sutures will
give good apposition.
3. Adequate anasthesia is necessary, and general anaesthesia is preferred. The
avoiding of coughing, straining, and movement during operation is all
important and it is not a subject for the occasional anaesthetist.
4. Strict asepsis.
5. The avoiding of irritants in or near the eye or the graft are, of course,
generally accepted surgical principles.
Types of Graft.
There are two types of corneal graft-
(a) Full thickness.
(b) Partial thickness (lamellar).
With the former a disc of cornea is cut through the full thickness of the
donor and host and the two pieces transferred. Any scar at any depth in the
tissue is so replaced.
In the latter a shaving is taken from the host to remove the diseased tissues
and the hiatus filled with a similar sliver from the donor.
These two types of graft can be used to achieve different ends-
1. Optical. When the operation is used to replace old opacities leaving a
clear tissue through which light can pass, so restoring sight.
2. Therapeutic. This type is used to remove and replace an active disease
as, e.g., recurrent dendritic ulcers or malignant disease. When this aim is
achieved an optical graft can be done later and full function restored.
THE OPERATION OF KERATOPLASTY.
For full thickness grafting the patient is given general anoesthesia by an
anasthetist experienced in ocular surgery. If one thinks that half-way through
the operation a hole has been bored in the eye, and nothing whatsoever is present
to prevent the vitreous and lens being expelled by violent coughing of the patient,
one can see the importance of experience on the part of the anasthetist. The
slightest squeezing of the lids or movement of the patient can bring disaster to
the eye. Under general anaesthesia the eye is uncovered, fixed with sutures, and
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anid the size of the graft decided upon. With this, and with the knowledge
gained beforehand by examining the eye with a corneal microscope, the lids are
closed, and attention is turned to the donor material. This is removed from the
refrigerator, and in this centre for an hour previous to operation the eyes are
immersed in 1 per cent. soframycin solution. This antibiotic is used because of
its potency and its relatively rare use in common practice, and as yet no bacterium
resistant to the drug has been found. The eye is removed from the jar, held in
a light gauze swab, examined carefully in a powerful light for any blemishes,
and a-trephine of suitable diameter is then placed on the cornea and centred
carefully by both surgeon and assistants. The disc of corneal material is then
cut and placed on a watch glass. Having been washed and freed from foreign
material, two fine sutures are placed at opposite points through half the thickness
of the graft. It is important to remember that the disc is usually five or six
millimetres in diameter, and approximately three-quarters of a millimetre thick.
It is a very fine structure and the sutures must not pass completely through it,
otherwise epitheliunm will track down the suture, go inside the eye, and result
in a secondary glaucoma. Having so prepared the graft the recipient eye is again
turned to, and the same trephine, which has been washed, is used to remove the
corneal disc from the patient's eye. The graft is then lifted on to the eye and
placed in position, so filling the hole in the cornea and the two preplaced sutures
are passed through the recipient cornea and tied in place. Other sutures are now
used to fix the graft firmly in position, and often round a disc six millimetres
in diameter one will have eighteen to twenty sutures. The time and precision
required to place these can well be imaginied, and they are only possible with the
fine ultra-sharp instruments and suture materials now available. The eye is
reconstituted by injecting air behind the graft and with the application of
atropine the operation is finished. Both eyes are bandaged firmly with a crepe
bandage and the patient transferred back to bed, where he is given systemic
antibiotics, and the eyes left untouched for five days. Then at first dressing the
eye is looked at and a general inspection made to assess absence of infection,
position of graft, etc. Twelve days after operation the sutures are removed and
the patient can be gradually got up, having the operated eye alone covered.
Convalescence in hospital lasts for a further week, and approximately three weeks
after operation the patient can go home. Sight is improved very considerably at
this time, but as the graft settles and the eye recovers fully from the operation
sight further improves, and this can be very dramatic. As to the pain of the
operation one would think such trauma to the cornea, which is one of the most
sensitive parts of the body, would produce excruciating pain, but this, surprisingly
enough, is never found. The pain experienced by the patient is never more than
a feeling of grit in the eye, and often very little or none is complained of at all.
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Infection and displacemenit of the graft, persistent cedema caused by poor
surgery, graft host reaction, and vascularisation are all points which arise and
cause failure. These, to a great extent, can be avoided by use of antibiotics, and
the use of early application of local steroids.
REASONS FOR FAILURE OF GRAFr.
1. Inadequate technique. This is usually due to inadequate training and
absence of frequent opportunities to practise the operation. Corneal grafts
are better done in centres where greater numbers are gathered and where
there is adequate supply of donor material. This is one of the most delicate
of operations and not one to be undertaken lightly.
2. Imperfect Instnruents. Nowadays we place great importance on the
perfection of the cutting edges of needles and trephines. These instruments
are all hand-made, and hand-sharpened, and the cutting edge is perfect.
The suture material is extremely fine, and it is often made up of three or
four strands of natural silk, braided together, and sterilised suitably.
3. Nursing Difficulties. Corneal graft cases require special nursing, and when
it is remembered that many of these patients are also deaf and old, the
complications associated with a long stay in hospital and considerable
recumbency show the importance of nursing care.
4. Donor Sutpply. If corneal grafts havc to be done at isolated intervals in
a general eye hospital, there is always the risk that a case will be admitted
and require operation when donor nmaterial is not available. This is an
additional reason why it is better that these cases should be treated in special
centres, where there canl be orderly and routine facilities available, and
where everything is donie in a routine manner. An important thing also is
that the concentration in one centre of these cases tends to improve research
thinking and research facilities.
5. Donor-Host Relationships. Here wve conme to the most difficult of the
problems to be faced. The operation itself, with practice, canl be straight-
forward, and the selection of patients is a matter of experience, btut the
antigeni antibodvy reaction of homographs is a problem which has not vet
been overcome. If such a reaction or "sickness" of the graft arises application
of cortisone can be a considerable help.
6. Other Causes of Failure. These include active vascularisation, irregular
corneal thickness, the presence of glaucoma, and the absence of accurate
retinal function.
Lens chaniges canl be removed afterwards, but should be noted before operation.
No eye is operated upon for corneal graft where vision is better than 6/36, and
a contact lens trial is invariablv done before operation. The general condition
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keratoplasty may have to remain in bed for up to three weeks.
With all this it can be seen that we have now established the operation of
corneal grafting beyond the experimental stage. To establish it firmly in a routine
we require suitable patients, an adequate supply of donor material, and adequately
trained surgeons. The patients are there, many having waited years for operation.
Our main hold up is a supply of donor eyes, and this is a thing in which all
medical practitioners, whether in hospital or in general practice, can help by their
understanding and co-operation.
Last year we performed fifteen full thickness corneal grafts. In all cases vision
was such that patients were unable to see to get about, to read, or lead even
partially independent lives. Four of these also had cataracts, and two of these
have already had these cataracts removed four months after being operated upon
for full thickness corneal graft. One of the fifteen had the antigen antibody
reaction and still has cedema of the graft, the sight, as yet, being little improved.
Another, despite an uncomplicated operation and convalescence, developed an
ulcer on the graft. All other cases have greatly improved sight. Many have again
useful sight after years of blindness, a few who had bad sight since childhood
are now for the first time able to see relatives and children clearly. All this is
possible only with the supply of donor material, and with the co-operation of
our colleagues in general and other hospitals this has increased greatly within the
last year. Talks have been given to clubs in the Belfast region to try to bring
to the lay public the thought of donating eyes and, what is more important, to
condition them to allowing the eyes of a dead relative to be taken and used.
EYE DONATION.
The procedure in donating eyes is as follows:
Under the terms of the Corneal Grafting Act (1952) it is legal for ophthalmic
surgeons to renove the eves of deceased persons for therapeutic purposes. The
donation procedure is simple in that the donor, either in writing or orally in
the presence of two or more wittnesses durinlg his last illness, can express a request
that his eyes be used for therapeutic purposes after death. If at any time a person
so desires to bequeath his eyes many forms can be obtained from eye hospitals,
and these formiis are themselves self-explanatory, require only the insertion of
the name of the person, and his signature in two places. One part of the form
is sent to us in the Corneo Plastic Unit and Regional Eye Bank, the other is kept
by the person and given to the next of kin. Little effort is required and very
little in the way of trouble is given to any person wishing to fulfil his desire,
and bequeath his cyes to us. The important thing is that wve must be informed
within a few hours of the donor's death to enable us to put our machinery into
operation, and remiove the material. If a person donates his eyes, and his relatives
and next of kin after death allow the procedure to be carried out and are in
agreement with the donation, those eyes must be removed, otherwise I think
relatives feel that the wish of the deceased has not been carried out and feel the
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ignored by the hospital staff. For this very reason at the moment, with shortage
of staff, we can only collect eves within a radius of ten miles of Belfast, and
further than this would be absolutely impracticable. In the near future, and
with the advent of our new Eye Department at the Royal Victoria Hospital, we
hope to be able to extend this service further afield. On the death of the donor
the eye hospital should be informed as soon as possible, and as I have said before,
one of us will at once proceed to where the body is lying and with the least
trouble to those connected with the patient will remove the eyes and leave every-
thing as before. We are very conscious of the great mental trauma and feelings
of the relatives at the thought of the eyes being removed, and do our utmost
to go about this procedure in ani as unobtrusive way as possible, and also to make
clear to relatives that we appreciate what has been done, and will use the material
to attempt to give sight to a blind person. Only an experienced person is sent
out to collect these eyes, and the whole procedure is kept in as efficient and
considerate atmosphere as possible. I never inform the relatives as to which patient
has received the eyes because it is often impossible to use all the eyes donated,
but I make a point of writing to the relatives again a few days after the donation,
and thanking them personally for their co-operation. As can be seen, the co-
operation of all doctors, no matter in w\vhat way they are occupied, is called for
in this matter, both to explain to people what is meant by corneal grafting and
what the procedure is when the person desires to donate eyes, and only by this
can our supply increase, and can our patients be satisfied. The supply of donor
material is required for operative purposes, but eyes which cannot be used in
this way can be used to great purposes in our research work.
DONOR MATERIAL.
Thanks to well-informed publicity, public opinion has changed towards
(lonating of eyes. Parliament in England considered and passed the Corneal
Grafting Act in 1952. In Northern Ireland shortly after this the late Sir Samuel
Irwin presented a bill in the Commons, which Senator Herbert Quin subsequently
piloted through the Senate. It is along the same lines as the English Act, and
is known as the Corneal Grafting Act (Northcrni Irelandl, 1952). The technical
advice on this was supplicd by Mr. Wheeler, F.R.C.S.
An eye must be removed froni the body six hours after death and this requires
considerable organisation. After a telephonie call to the Belfast Ophthalic Hospital
saying that donor eyes are available the member of the team collecting the eyes
calls at the hospital. There he collects a sterilc enucleation set and a small sterile
tightly capped bottlc. He goes to where the body is lying, removes the eyes
aseptically, places them into the bottle, and as quickly as possible this is placed
in an ordinary domestic refrigerator anid kept there at 4° Centigrade. The whole
eye is removed, but with the socket suitablv padded with cotton wool, and the
lids closed, there is absolutely no disfiguration whatsoever. Often, as one knows,
eyes sink after death and the padding produced by the cotton wool gives a more
natural appearance to the body. This point of disfiguration must be carefully
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is performing the operation. In a special list we have the patients waiting for
corneal graft, and on receipt of the donor material telegrams and telephone calls
are made and a patient is asked to be in hospital within six hours. This is necessary
because swabs have to be sent, the patient's eyes suitably sterilised with antibiotics
in preparation for the operation, and the operation itself must be done within
twenty-four, or at the very most thirty-six hours of the eyes being enucleated.
It can be seen that this requires considerable trouble, effort, and intensive
organisation to get the material and then the patient. Patients, before being put
on the waiting list, are asked if they are prepared to comply with these require-
ments, and invariably are only too pleased to subject themselves to any regulations
whatsoever if sight can be offered to them.
CONCLUSION.
This paper is not a detailed treatise on corneal grafting. It is hoped to explain
the operation and procedure to those of my colleagues not acquainted with it.
Then they may become interested, and attempt to help us by explaining to the
lay public what is meant by corneal grafting and what can be done, and, more
important, what the public can do to help us. This will allow us greater scope
in the helping of patients. It is impossible to go into the reasons and hypotheses
as to why the cornea is the only tissue of the body which can be transplanted
from one person to another with a high percentage of success, why the allergic
reaction is thankfully relatively rare, and such other problems which must be
faced by us, and by anyone concerned in transplantation of tissues. As was said
by Sir Benjamin Rycroft at the conclusion of a paper: "The corneal grafting
operation has become an essential component in modern ophthalmic surgery.
It represents a major advance along with the surgery of retinal detachment, in
the treatment of blindness in our century." This fortunate state is due to the
initiative of surgical pioneers, the antibiotics of the biochemist, the skill of the
instrument makers, investigations of biologists, and the faith and trust of the
patient.
APPENDIX.
The following are the essential parts of 'The Corneal Grafting Act' (Northern
Ireland, 1952). This will be repealed on the passing of 'The Human Tissues Bill'
at present before the Senate, but the legal position will remain the same.
Removal of eyes of deceased persons.
(1) If any person, either in writing at any time, or orally in the presence of
two or more witnesses during his last illness, has expressed a request that
his eyes be used for therapeutic purposes after his death, the party lawfully
in possession of his body after his death may, unless he has reason to
believe that the request was subsequently withdrawn, authorise the removal
of the eyes from the body for use for those purposes.
(2) Without prejudice to the foregoing subsection the party lawfully in
possession of the body of a deceased person may authorise the removal
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reason to believe:
(a) That the deceased had expressed an objection to his eyes been so
dealt with after his death, and had not withdrawn it, or
(b) That the surviving spouse, or any surviving relative of the deceased
objects to the deceased's eyes been so dealt with.
(3) An authority given under this section in respect of any deceased person
shall be sufficient warrant for the removal of the eyes from the body and
their use for the purposes aforesaid, but no such removal shall be effected,
except by a registered medical practitioner, who must have satisfied himself
by personal examination of the bodv that life is extinct.
(4) Authority-for removal of eyes will not be given under this section if the
party empowered to give such authority has reason to believe that an
inquest may be required to be held on the body.
(5) No authority shall be given under this section in respect of the body of
a deceased person by a person entrusted by another person with the body
for the purpose only of its interment or cremation.
(6) In the case of a body lying in a hospital. Any authority under this section
may be given on behalf of the person having the control and management
of the hospital, by any officer or person designated in that behalf by the
first-mentioned person.
(7) Nothing in this section shall be construed as rendering unlawful any
dealing with, or with any part of the body of a deceased person, which
would have been lawful if this Act had not passed.
161